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SEAT BELT WEBBING AND METHOD OF DYEING SAME 



BACKGROUND AND SUMMARY OF THE INVENTION 



This is a regularly filed utility p'atent 



5 ar-plicatien claiming p-riority of provis i'l^nal patent 
at^plication 60/214,19?., filed June 26, 2000. 

The invention generally relates to a niethcid of 
dyeing a piariicular type of seat belt weljioi.ng an^i more 
P'.irticularly zo a metne-i C'f dyeing the Idendea nyijrid 

10 fiber and the seat h^elt generally identified in Untied 
States Patents 5,830,011 and 6, 228, 488, ea::n of vyhioh 
is inco rpc>rat ed herein by reference. This blend-'d 
hybrid fiber is of tne type kn.i.vn as ?ET- 
P'l' lycaprcilact c-ne diio I ock coped ymer f ibe r . 

15 The fiber has many uses. C^ne such uso is within a 

woven seat r-elt { wei:-i:> i ng ) comprising blendeo hyiorid 
A-arp and blenaed hybrid or 9Z': weft fit-ers. This 
r-articular blended hytrrid E'ET fiber displays high 
eiC'ngation rate as c-:-mpared t-o ohe elc-naao ic^n rate of a 

20 tyr^ically ccmst ruct e-a pcdyester' seat ioe 1 1 wot'O'ir.o wnose 
eb:>ngati'On is in the vicinity ^-f 5-14 [percent. In 
essence, this type ot seat oelt stretches in a 
::-ntre'lled manner, anc absort^s t=nergy wr^ii^' strercihing, 
vnich Ic'wers the shest and he.^ic injury lo.vels- that are 

25 S' iTLiTLonly assC'Ciated witn veni'::ular crasO.e-s anc ^sed as 
a measurement f the -e- f f ic- i en^sy ot a sa fe-^y restraint 
syst em . 

C'ne significant a i saavant age of this zypo o: 
fiii'Or, as well, as a seat telt webbing mace with *tnis 
30 fi;:«er, is tnac the dyed material is noz ciolC'r fa,::t, 

light fast, is difficult tsi dye, and dc^es ri'St retain a 
soft f^d table c JOi s i s t ency . 
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It is an object of the present invention to be 
able to satisf act'jrily dye a tjlended hybrid fih^er and 
more particularly poil yes te r/ny 1 on hybriol se^it t^elt 
w-bbing havinq such fibers. 
5 Accordiri';;! 1 y the invent i'On ■::C'mp r i ses : a pro-cess of 

dying a mater i5il ino^ludinq seat t^elt wet)]:iinor wirhin a 
dye range, thio.; material o^r seat belt co^mp'r i s i n :^ a woven 
ri^'dyester anoi oc-ntaining blenoieol hybrid FE'T fiioers, the 
jC'Oocess comprising^ che steps of: heating the mato^rial 
10 (voobbing) to j preferreol range wnile unoer tension and 
suiosequent ly washing, steaming, finish :ooao.ing anoi 
drying the we;ol:d.ng. 

BRIEF DESCRIPTION OF THE DRAWING 

15 Figure 1 shows a generally kn'Own 

P'lO'Cess that, is aoiap'toible to oi^_^'e seat 
using syntheoic^ fibers. 

DETAILED DESCRIPTION OF THE INVENTION 

20 The fo)lbowing rTie*;ho)d C'f oi'^'eing is r^a r o i ou 1 a r 1 y 

suited for 'iy^i'ing material in^olo-oiing seat belo we;obing 
(.tlso' referred to> as a seat h'Olt c^r werloingi co^nraining 
a i'ET-pO' lycari'r odact 0 ne di;o locri oo CMolymer f 11: er . 

The geno-ral r^rocess of dyeing a wo'O'en }::l-^'esoer 

25 rT..ooerial, inohuding seat r^elt weri'iiiing, with :r without 
t'- ended h;y'ioria PET fitter uses cO'mmiO'n machinery arid 
s:ir:llar pro'cess ste]os. HC'wever, it was (ii s 00-0^*0 ro-d that 
s.ir.ple and sulotlot oooaniges in kno-wn lorc-cesses 
surprisingly changed the char act eri st i O'S c^f th*o o;yed 

30 m.iOerial (worthing} to an acceptah'le prO'Ouct. Tho- 

f')l lowing sho-ws a prio^r art piO'0:e3S for dyeing ble^nded 
[.florid fit'Ors; suh sequent 1 y , t ho? chango;s V^o this 
prO'Cess are defined. It has been p-rop-oseo: to pass a 



eyeing range and 
iC'O 1 1 w^oio;oi ng 
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PET seat belt (webk-inq) 10 thrc^ugh a tenslc^ning device 
t: allow constant k-ack tensi-jn 'Of the ioelt p^ric'r zo che 
ayeing prc'cess. Simply stated, there must he some 
tension on rhe belt pirior to immersion in ^he dye ^jad 
5 ar-:i pan itself to p^revent tne webbinq from (:i^=^\^e 1 -jp i ng 
fild and crease marks. FIGdF:E 1 shc'ws a generally 
kn'i-wn dyeing }:ir':'Cess tnat is adaptak'le t-:> ine piresent 
ir;venticin. Tne hybri'il blend PEl' seat helz. 10 is p^added 
tnrc'ugh a dye ijath 20 (the aye ijath liguid 22 will also 

10 be called li'injor) p'Ot ent la 1 1 y including but n^jt limited 
t'^ dyestuff fmc-st often disperse dyestuff is \;sea for 
c-:lC'ring of tne t-elt), acetic a.::id, disc-ersanr, 
cOnelate, water, carrier, UV ali-s-arber and w»rtt-:-,r 
(wetting agent). The liguor -a-i-es n^i't neces sa i' 1 1 nave 

15 all the chemical cC'mpi'jnent s , wnich may var-y fi^C'in 
circ'cess to fiiijcess, k^ut must have the c-i'l'inant. 
(■ 'iyest uf f ) zo impart a contr'Olled coLc>r z.o the nt'c^rid 
blend PET seat belt. 

The webt)ing is men passo'd through a nip pn^mt 

20 (Single or multifile) 24 co sgueeze C'ff zr cc. n-^: r w i s e 
remove the excess dye oach liguc-r tC' a relati'/ely 
ca-nsistent ama^unt . The iigua- r-saturat eal sa-^at helz is 
tnen p-assed tnra^ugh a neatea za-ne (a^r r:- r e -a;i i r- ) OC 
with a temperature maia.tained ;aelow 14?. C (.La\ Ei . At 

25 tna- ca>mpi 1 et ia^n a^f the neatea zar.e the liguavt .aas iaeen 

ra-aiuced ta^ cnaariicals na^t flashea; ( evap^a' ra : ed -'ff ;ay the 
nesting) and tne ayes tuff. Tne seat lae 1 1 IC is nat 
dya-d at this time laut rather weakly staineal iay the 
d;/as tu f f . 

30 The sea: a)elt is anen p^assed tnrau^h a tansian 

devi ca.' ma^st -aften a-a lied a br^ike unit 40, '.ah.ich may 
i 'a c 1 u ' "^1 e a nun ib e r of r a^ 1 L e r s a n d a mi a' t a^ r a r: d / a-^ r a b r a k e 
ta slaw the speed a^f the ra-llers. The braae anit can 
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P'ush or run excess seat belt to an C'ven 50, which is 
n-xt in the p^rC'Cess flow or can impart ex'::ess tensic-n 
c-n the seat t^elt holding back the webbing loack from the 
preferred therm.osol oven 50. This acticn of the orake. 
5 unit 40 is c^ne part of controlling the e 1 '^ngat i on 
cl:aracterist i OS c-f the material (webbing \ ) on the 
thermosol dye range. 

The seat belt n^i'W enters the oven 5iJ, ohe ovon for 
the dyeing pr^jcess. In this pric-r methcoi, the 

10 tr.ermosol oven is heated to a temperature to allc^w the 
seat belt to reach 210 C (410 F). At the 210 C (410 F) 
temperature the fiber will soften and an attract i-on 
k'etween the disp^erse dyestuff and the ptdy^i-ster will 
allow the col'i-ring c-f the webbing to C'ccur. Also- at 

15 this temperature the st-ftei^ied p^tlyester will ite 

restructured t-t a new width, thickness, an<:; ehtngation 
based on the stretch -tr C'ver feed. C'f the itrake unit 40 
and haul unit 60 (the haul unit is further in tne 
T'Lt'cess flow and includes fc^r example a m:>t<tr anti 

20 rtllers). Terr.p.erat ures of this p^rocess ar-:^ nc-t 
necessarily abstdutely 210 C (410 F) . Th-:- oast 
po actice of dyeing F'ET seat belt has been in the range 
cr 199 C to 2^2 C (090 F to 4 50 F) . At t-omr^e r a tur es 
t->low 199 C ( ?:90 F) the ?ST is very hartl ^ 't ad-tquately 

25 dye and contrtd eltingation and at temperatures aio-tvo 
2t4 C (4 35 F) the PET tends to weaken an:l snine. 

In the p^rit'r prt'cess, up'on exit t^f tr.e therm'ts-tl 
c-'en, the seat t^elt enters a water quench uni: 70, 
w:-[ich ma^' t^e a ^pray tr bath. Tne water :f_ientnin? nas 

30 a :wofola p\:iooso. ■:> f i^iding in setting the elongation 
t^/ flash cc--:ding tne seat belt and also begins th^o 
w.ishing p^rO'Cess. However, in the p^resent tnvention 
tnis step must t'O eliminated. A drain 72 ma>^ also ho 
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p:::)vided. The seat t-elt does not have a lJj% affinity 
f --r the disperse dyestuff and jf the remaini ng disperse 
dyestuff 5-1 must toe removed to allow the seat b-^d t 
t :> be utilized with -out fear of failing lye staoility 
5 or crock tests. 

The sear belt next enters tne haul unit 6o, l^ne 
h.:;ul unit acts in con:uncti:on with the lore.ak ou'iit AO to 
impart tensio>n o-n the seat tiolt. This tensio^n is tne 
moans of c:on t rod I i ng the elO'ngati'On of the seat t-o- 1 1 

10 weiobing. The haul unit is the lead mo-to^r O'n the oye 
range and is therefc're the sp>eed determining^ stepi of 
the dye range. 

The seat ioelt next enters the sco'ur p-aoi t -j . In 
the sco'ur paci the seat tieit is exposed to- a sco'ur mix. 

15 This scour mix can C'Ontain so-aps, wetters, oli sjoer sant s , 
all-oali, water, and reoiucing agents. The sco-ur mix oic-es 
n-.'t have toi co^ntain all the mentic^ned chemicals and 
typ'ically do-os noz co^ntain ail the chemicals at tne 
s.amie time. The seat ioelt picks ur> 5-20 1 lo'v' weiorht of 

20 t:\e- sc'our mix frcm tho- pad after passing tnroutin tne 
S'jO'Ur p'ad nir' -ol . 

The seat ioelt next enters a steam.er cnest . Tne 
steamer chest oO o:an i-e used so'lely t-o controd the 
<av;ell time to a 1 1 o-w tne scc-ur mix ap'p r oito r i a t e tiiiio- tc- 

25 [: *-:tet. ra t e the weio and loosen the unfixed cyestt.ff. The 
steamer chest -ran also' ii^e used to heat tne weio/sco'jr 
mixture tO) prc>iTjote tho- cleaning of the w^-b. Tno; 
steamer can ioe used t O' increase eloingatioot o; f ^:ne web 
i: tiie steam oenip'orat ure is in the range of o3 C-104 C 

30 (. 0-220 F] . 

IT.e seao ioelt is now w^ashed in a washer ijJ. This 
• ■ ' : ! ~* i n V ■' ~ ■■ ^ ^ - ' s a 1 ■ , v.-. ^ i ;0[ h o-^ w eh' t'~' ^-t- ^ v- c: i:^^ ,o ■ "^ >' 

sr^rayed (see 7Caj with water in rep»etitiv- aotions. 
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B'zitween each action a vacuum 102 extract! im the web 

or a pinching 104 of the web c-ccurs tc> f:>r'ce the excess 
water and unattached dyestuff from the wer). This 
p-rjcess can oo run either h'jt (typically near:ed witn 
5 steam, see heater 106) or c-oloi. Heated wasnlng can 
i:'; urease el-ongatien marginally h-ot will .^:ls':) imprc^ve 
w ashing ef f i c: ienc/ . 

The seac Ice It is no-w dried. The drying acric-n can 
C'O accomplished by steam ccTiduct ic-n, infic^red drying or 

10 heated air C'Onvect i c-n (numeral 110 shows a ciryer). If 
the seat t»elt is f-orme-:! frc-m tw^isted war-;:' yarn the 
c'/eing process can be 'Oc-mp le t ec at this time. If tne 
sear belt is f-ormed from untwisted warp' yarn the seac 
l:-:'lt may require the a oid i t i'ona 1 pr-acesses (of a 

15 r'T'Orective 'Ove r-cioat in a and sur'Sequent di -/i:^g. The 

drying acti^an is ta> dry tne weia to a poln: ol dryness 
at least equal tC' the alasolute mc-isture l-aa^el a^ 
ambient a t mC'Sp'her i c ca^ndi t ic-ns C'f at amroi ent 
taanperatur e . 

20 The seat belt, if untwist e a warp yarn Is usea;, 

naa^t enters a finish ar^C' 1 lea t i a n 120. Itne finish is 
tyC'ically a a'.a>mp'a-und ar miaiture inciudin'a h'Ut na^a 
limited tc- a wetter, mineral ad 1 , ester -a r esta^rs, 
w.ater, ana binalers, wh i ah is available in diff-?rin<a 

25 fa^rms fra-m different manu f aa'tu r ei s . The finisn is 
ai:plied ta^ untwlsteai yarn ta ^aritect the yarn in 
abrasiain ca^nd i 1 1 ains . l^he finisn acts as a lubric:ant 
f'ar the seat ;aelt t a^ reduce friatia>n h'etv/een tne belt 
anai any surface the bad t ca-ntaa-as. 

30 The seat 'c-e 1 a , i: untwisted warp yarn is .nr.eal and 

tne previa^usly desa:ri;aed finisn p-aai sta-p occurs, next 
eaters a final draer 130. The fanal craor as used ao 
remove all excess madsture, fra.m the belt, to tj^ie 
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ahsc'lute moisture level or helovj the at-sc'lute mcisture 
level fC'Und at ambienr atmespheric cenciit 1:^.5 . The 
final drier 130 can be either infrared di'yina, 
conductive drying, or c-i^nvecrive drying, 
5 The present invent icn refines the p-r'^jress ana 

P'r cicedures zo p'rC'Ciuce a material, including an 'Occupant 
safety seat belt, of tne PET-pol ycaprol act o^ne ditdock 

[i-i'lymer yarn. As a seat belt this prC'dur.t meets 
f-rderal occup^ant requirements C'Ct lined in EMVSo 10^, 

10 Attempting to p-r^jcess the PET-p-id ycapr^i^ a t c-ne t-ildock 
r-jlymer fit'Or under standara eye range :: iri'il i t i ns , 
such as C'Ut lined ab-jve, will noz p>roduce in ac'::ef:'t alole 
■ic'cupant safety seat l^elt. The Ijelt w i hi i:.e extremely 
stiff due tc> tne f-o ] ycai:'i C'lact t^ne cc^mp'tnent of the 

15 fiber melting and resetting. The present invent is-n 
invc'lves the adjustments t-t the t^r.erat i c-n tf the dye 
range tc- alltw the wer^bing t't ;:>e processed in susn a 
means as tc- allow a cc-ntrtilled p^rc-duct tn^t meets FMV3S 
2 9 requirements. 

20 The seat loelt weltrdng 10 nas the f-tl Ltwinti ceneral 

cna racte ri sties . Tne ;je 1 t C'tmprises at-tut : 00-4 10 warp 
ya rn ends c-f t ne F'ET -r-o 1 ycap' r.t 1 a.tt c^ne ai L t :: k o :-o t It^'mer 
m..;lti-fi lament fir-ers. The aenier can be m t n-i- ranige 
oi 1000-1500. I'he enc C'tunt antl denier will vary 

25 ti'tp'Onding or. strength retruiresi oy the custtmeru Tne 
fill fiber is a ct-nvent i i-na 1 p^cdyester use:i i r: s*tat 
r-tlts having ~ density ot at-t^ut 10-20 r-i'tks per intn 
.:i'E f'onding t-n rd lake lit y t;esire:i. The fill yarn '^ienier 
can vary t^etw^-en 2 20 to 5:4 0 depoc:dent on the d-i^^sired 

30 thickness of : ne wet'^'in^. 

The prefer re :i metn:- :i t 't pu-jtiuce PET- 
o (-> 1 y c a p r C) 1 a c t CO. e d i L" 1 c k c C' p o- 1 y m e r seat o e 1 1 w o l > o i n g i s 
as follows: The :iye range is m:oiified from industry 
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accepted PET p-rc-du ::t i'jn setuf-. The therm:-.? ol 
temperature (see overi 60) is set at 149-l-:7 C (:0'J- 
3:0 F) vs. 1?:^-23S r (390-455 p); this gi:'es a maximum 
exr'Cised oper^:. ing temp'erature f ■: r the wet' 10 in ir.e 
5 range of abeu:. 1 30-14:' C (230- 300 F) and r.refer-tdy 
1 -1 C (290 EO (compared to the r^rior art. :f 2 1: 
(•110 F) ) . Tj achieve this preferred 200 F r emr-e r at: ure 
the oven can ioe heated in the range of iih^cut 1 4 0- 1 07 C 
(-■■00- 330 F) . The dye range spaced is slow-:d all-ow 

10 the material zo dwell in the C'ver ( thermc^s c- 1 dwell) to 
h':- three-five (3-0) minutes instead of th-: njrmally 
used 3 minutes. The steamer 90 is run witn 51 
temperature r.r^nge ot :'0-105 C (2 10-220 EO . Preferably 
th-: dweil time in the steamer is about 2-4 minutes. 

15 Tl:e wash bc'xes 100 are run with temperatures r-etween 
6:;-99 C (140-210 F) . The thermosol quen:n 70 is 
turned off, wni-th permits the disperse d'^'^: that is c-n 
tOie fiber t-s nt-t l^e rea 1 It'Cat esl unevenly t'ri'i'r to the 
■:;yeing t-f the cap-r -t 1 .i':.t one conLpc-nent ot tne fir-er in 

20 the steamer. The oyo range is run with tn^t naul unit 
0,0-7.0§ fast^=-r than the r-rake unit imf^artino^ stretch 
L'!' the seat r-elt weklt i ng while in the even. 

The dye tange dt'e mix f -t rmu la t i-sn (a::rdied at 20) 
■ adjusted as f'liilS'WS. A blended ar::matLC s-: ivent and 

25 an t-rganii^ ester c-::m|:<:und such as a m-jnC'-je 1 a t e-ster 

::.irrier is adoe:i t: ' r.o dye r-atn at 2 1 by vtdume. E^'jth 
: t'hS'tC' stardlizer itased 'jn C't^p'or c-smpd ant: a 
::;■; 1 S'rsb'enzC't r i a zone atisorh'er are usee :n zscijunct is-n 

w::n the ssdvent tne •:ster ccmrc'und. Fccn 0"0 ar^scirb'^rs 

30 t.in ho. used up' to 0- ot the h^ath dependent on derc.h -jf 
stiade and re-juireci 1 i ght f as tness . The d-/e mix zan also 
■Z')ntain 2 0% of a polyester resin fatty acid derivative 
oi^^er cz'a t . 
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The scour mix (applied at 30) is a milid surfactant 
fc>rmulation is adjusted as follows, A monooelate 
esters and organic compound carrier is aoded to the 
scour mix at 2% of volume. 
5 The final, water resistant, overcoat (applied at 

120) is a perf louroalkylcopolymer emulsi'i-n finish. 



